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ZLWK *5$/LWHUDWXUHVXJJHVWRQO\OLPLWHGZRUNWRLPSURYHWKHPDFKLQDELOLW\RI$,6,VWDLQOHVVVWHHOXVLQJEUDVV
DQG FRSSHU URWDU\ WXEXODU HOHFWURGH LQ ('0 SURFHVV 7KHUHIRUH DQ DWWHPSW KDV EHHQ PDGH WR LQYHVWLJDWH WKH
RSWLPXP VHW RI FRQWURO SDUDPHWHUV RI ('0 SURFHVV IRU KLJK SURGXFWLYLW\ DQG EHWWHU TXDOLW\ FKDUDFWHULVWLFV 7KH
FRPSDUDWLYHVWXG\RIEUDVVDQGFRSSHUHOHFWURGHKDVEHHQSUHVHQWHGWRXQGHUVWDQGWKHLUHIIHFWRQ('0SHUIRUPDQFH
FKDUDFWHULVWLF
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 ([SHULPHQWDOGHWDLOV
 ([SHULPHQWDOZRUNSLHFHZLWK WKHLUVSHFLILFDWLRQ
7KHH[SHULPHQWZDVFRQGXFWHGRQ$,6,VWDLQOHVVVWHHOZKLFKLVZLGHO\XVHGIRUKHDWH[FKDQJHUVFKHPLFDO
WDQNVUHILQHULHVSUHVVXUHYHVVHOSDUWVILWWLQJVDQGSLSHVIRUWKHRLODQGJDVLQGXVWULHVSDSHULQGXVWU\FRPSUHVVRU
SDUWVDQGVHDZDWHU GHVDOLQDWLRQSODQWVDPRQJVWPDQ\RWKHUDSSOLFDWLRQV 7KLVPDWHULDOLVDOVRFDOOHGGXSOH[VWDLQOHVV
VWHHOWKDWH[KLELWVJRRGFRUURVLRQUHVLVWDQFH ,WVFKHPLFDO FRPSRVLWLRQKDVEHHQVKRZQ LQ7DEOH
7DEOH&KHPLFDOFRPSRVLWLRQRIZRUNPDWHULDO
(OHPHQW )H &U 1L 0R 0Q 6L & 3 6
&RQFHQWUDWLRQZHLJKW         
 ([SHULPHQWDO(OHFWURGHZLWKWKHLU6SHFLILFDWLRQ
6LQJOHKROHFRSSHUDQGEUDVVWXEXODUHOHFWURGHVRIGLDPHWHURI PP DQGOHQJWK PP ZHUHXVHGDVDWRRO7KH
URWDU\PRWLRQRIHOHFWURGHVZDVFRQVLGHUHGWRLPSURYHWKHSHUIRUPDQFHRIWKH('0SURFHVV7KHSURSHUWLHVRIWKHVH
HOHFWURGHVDORQJZLWKWKHLUFKHPLFDOFRPSRVLWLRQZHUHVKRZQLQ7DEOH7DEOH UHVSHFWLYHO\
7DEOH3URSHUWLHVRI HOHFWURGHV
3URSHUWLHV 6SHFLILFDWLRQRIHOHFWURGHV
%UDVVHOHFWURGH &RSSHU HOHFWURGH
'HQVLW\  NJP  NJP
7KHUPDOFRQGXFWLYLW\ :P. :P.
0HOWLQJSRLQW  &  &
(OHFWULFDOUHVLVWLYLW\ îí ȍP îí ȍP
6SHFLILFKHDWFDSDFLW\  -NJ&  -NJ&
7DEOH &KHPLFDOFRPSRVLWLRQRIHOHFWURGHV
&RPSRQHQWVZHLJKW &X =Q 3E )H 7H
%UDVVHOHFWURGH  ±   ±  ±
&RSSHUHOHFWURGH  ± ± ± 
 ([SHULPHQWDO 6HWXS
7KHH[SHULPHQWDOZRUNZDVFDUULHGRXWRQ6SDUNRQL[('0PDFKLQH 7KLVPDFKLQHFDQEHXVHGDVPLFUR('0
KDYLQJDFDSDELOLW\WRSURGXFHWKHKROHRI ȝP 7KH ('0VHWXSKDVEHHQVKRZQLQ)LJ 1HJDWLYHSRODULW\ZDV
PDLQWDLQHGIRUWRROHOHFWURGHDQGSRVLWLYHSRODULW\IRUZRUNSLHFHPDWHULDO$FRQVWDQWYROWDJH 9ZDVDSSOLHG
GXULQJWKH('0SURFHVV'LVWLOOHGZDWHUZDVXVHG DVDGLHOHFWULFIOXLGZLWKWKURXJKKROHFHQWHUIOXVKLQJWHFKQLTXH
)LJ('06HWXS )LJ ([SHULPHQWDOZRUNSLHFHGULOOHGE\('0SURFHVV
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 'HVLJQRIH[SHULPHQW
$Q HIILFLHQW H[SHULPHQWDO GHVLJQ KHOSV WR RSWLPL]H WKH SURFHVV DQG GHWHUPLQH IDFWRUV WKDW LQIOXHQFH WKH
YDULDELOLW\ 7DJXFKL¶V 2UWKRJRQDO $UUD\V 2$ SURYLGH D VHW RI ZHOOEDODQFHG H[SHULPHQWV ZKLFK JLYHV PXFK
UHGXFHGYDULDQFHIRUWKHH[SHULPHQWZLWKRSWLPXPVHWWLQJVRIFRQWUROSDUDPHWHUV%DVHGRQWKHGHJUHHRIIUHHGRPRI
FRQWUROSDUDPHWHUV/7DJXFKL2$ZDVVHOHFWHGIRUWKHSUHVHQWH[SHULPHQWDOZRUNWKDWZDVVKRZQLQ7DEOH
7DEOH /2UWKRJRQDO$UUD\
([S 1R 3XOVHFXUUHQW$ 3XOVHGXUDWLRQȝV 3XOVHRIIWLPHȝV 'LHOHFWULFSUHVVXUHNJFP
    
    
    
    
    
    
    
    
    
%HIRUHSURFHHGLQJWRWKHH[SHULPHQWDOZRUNPDJQHWLFEDVHVXUIDFHJULQGHUZDVXVHGWRDFKLHYHWKHDOPRVWVDPH
WKLFNQHVVRQERWKWKHVSHFLPHQZLWKDQDFFXUDF\RI PP7KHQGLPHQVLRQZDVFRQILUPHG E\WKHGLJLWDOYHUQLHU
FDOLSHU WKDW ZDV IRXQG WR EH  PP 7RWDO  H[SHULPHQWV ZHUH SHUIRUPHG XVLQJ EUDVV DQG FRSSHU HOHFWURGH
LQGLYLGXDOO\ZLWKWZRUHSHWLWLRQVIRUWKHHDFKH[SHULPHQW7KHLPDJHRIH[SHULPHQWDOZRUNSLHFHZDVVKRZQLQ)LJ
$QHOHFWURQLFEDODQFHKDYLQJDQDFFXUDF\RI J ZDVXVHG WRPHDVXUH WKHZHLJKWRIHOHFWURGHDQGZRUN
SLHFHDIWHUWKHHDFKH[SHULPHQW$WUDYHOOLQJPLFURVFRSHKDYLQJDOHDVWFRXQWRI ȝP ZDVXVHGWRPHDVXUHWKHWRS
DQGERWWRPGLDPHWHURIWKHKROHV $IWHUFROOHFWLQJWKHH[SHULPHQWGDWDEDVHGRQ7DJXFKL/2$WKHFDOFXODWLRQKDV
EHHQ PDGH WR GHWHUPLQH WKH SHUIRUPDQFH SDUDPHWHUV RI ('0 SURFHVV IRU HDFK VHW RI H[SHULPHQW 7KH YDOXH RI
SHUIRUPDQFHSDUDPHWHUVKDVEHHQFDOFXODWHGE\(T(TDQG(T
 ,QLWLDOZHLJKW ± )LQDOZHLJKW RIZRUNPDWHULDO
055
0DFKLQLQJWLPH 'HQVLW\RIZRUNPDWHULDO
 
u 
 ,QLWLDOZHLJKW ± )LQDOZHLJKW RIHOHFWURGH
(:5
0DFKLQLQJWLPH 'HQVLW\RIHOHFWURGH
 
u 

W E7$ WDQ ' ±' + 
 5HVXOWDQGGLVFXVVLRQ
 (YDOXDWLRQRILQGLYLGXDOSHUIRUPDQFHSDUDPHWHUV
7KHRULJLQDO7DJXFKLPHWKRGFDQRSWLPL]HWKHVLQJOHSHUIRUPDQFHFKDUDFWHULVWLFVWKURXJKWKHVHWWLQJVRISURFHVV
SDUDPHWHUV DQG UHGXFH WKH VHQVLWLYLW\ RI WKH V\VWHP SHUIRUPDQFH WR VRXUFHV RI YDULDWLRQ 7KH YDULDELOLW\ RI WKH
TXDOLW\FKDUDFWHULVWLFFDQEHH[SUHVVHGE\VLJQDOWRQRLVHUDWLR615 $Q615LQ7DJXFKLPHWKRGRORJ\FRUUHVSRQG
WRDPDWKHPDWLFDOWUDQVIRUPDWLRQRIDTXDOLW\FKDUDFWHULVWLFZKLFKPHDVXUHVWKHTXDOLW\FKDUDFWHULVWLFVGHYLDWHIURP
WKHWDUJHWYDOXHVRWKDWKLJKTXDOLW\SURGXFWFDQEHPDQXIDFWXUHGTXLFNO\DQGORZFRVW 7KHH[SHULPHQWDOFRQGLWLRQ
KDYLQJWKHPD[LPXP615LVFRQVLGHUHGDVWKHRSWLPDOFRQGLWLRQ
*HQHUDOO\WKHUHDUHWKUHHFDWHJRULHVRIWKHSHUIRUPDQFHFKDUDFWHULVWLFVLQWKHDQDO\VLVRIWKH615LHWKHORZHU
WKH EHWWHU WKH KLJKHU WKH EHWWHU DQG WKH QRPLQDO WKH EHWWHU 7R REWDLQ WKH RSWLPXPPDFKLQLQJ SHUIRUPDQFH WKH
PD[LPXP055DQGWKHPLQLPXP(:57$LVGHVLUHG+LJKHUWKHEHWWHULVVXLWDEOHIRU055DQGORZHUWKHEHWWHULV
VXLWDEOHIRU(:5DQG 7$ 7KH615IRUDQLQGLYLGXDOSHUIRUPDQFHSDUDPHWHUKDVEHHQFDOFXODWHGXVLQJ(TDQG
(TDFFRUGLQJWRWKHQDWXUHRISHUIRUPDQFHFKDUDFWHULVWLFV
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 /RJ  LM[Q
K   ¦ 
)RUVPDOOHUWKHEHWWHUSHUIRUPDQFHFKDUDFWHULVWLFV
/RJ   LMQ
[K   ¦ 
)RU ODUJHUWKHEHWWHUSHUIRUPDQFHFKDUDFWHULVWLFV
:KHUH LM[ LV WKH RULJLQDO GDWD RI WKH SHUIRUPDQFH FKDUDFWHULVWLFV 7KH RULJLQDO GDWD RI WKH SHUIRUPDQFH
FKDUDFWHULVWLFVRI('0SURFHVVIRUFRSSHUDQGEUDVV HOHFWURGHKDV EHHQVKRZQ LQ7DEOH
7DEOH([SHULPHQWDOUHVXOWVRISHUIRUPDQFHSDUDPHWHUV
([S1R &RSSHUHOHFWURGH %UDVVHOHFWURGH
055PPVHF (:5PPVHF 7$ UDG 055PPVHF (:5PPVHF 7$ UDG
      
      
      
      
      
      
      
      
      
 &RPSDULVRQRIFRSSHUDQGEUDVVHOHFWURGH
055DQG(:5LQFUHDVHZLWKLQFUHDVHRISXOVHFXUUHQWGXHWRKLJKHUHQHUJ\GHQVLW\GXULQJ('0SURFHVV7KH
FRPSDUDWLYHDQDO\VLVRIFRSSHUDQGEUDVVHOHFWURGHUHYHDOVWKDWKLJK(:5RFFXUVLQFDVHRIEUDVVHOHFWURGHGXHWR
LWVORZWKHUPDOFRQGXFWLYLW\ORZPHOWLQJSRLQWDQGKLJKHOHFWULFDOUHVLVWLYLW\7KHFRSSHUHOHFWURGHJUHDWO\LPSURYHV
WKHSHUIRUPDQFHFKDUDFWHULVWLFVFRPSDUHWREUDVVHOHFWURGHIRUWKHVDPHVHWRIFRQWUROSDUDPHWHUVGXULQJWKH('0
SURFHVVRI$,6, VWDLQOHVVVWHHO)URPWKH)LJDDQG )LJ E LWZDVFRQFOXGHGWKDWPD[LPXP055DQG
PLQLPXP(:5LVRFFXUVZKHQWRROPDWHULDOLVFRSSHU
)LJD&RPSDULVRQSORWIRUFRSSHUDQGEUDVVHOHFWURGH )LJE&RPSDULVRQSORWIRUFRSSHUDQGEUDVVHOHFWURGH
 (YDOXDWLRQRI 0XOWLSHUIRUPDQFH3DUDPHWHUV
0RVW RI WKH UHVHDUFKHUV KDYH XVHG WKH 7DJXFKL WHFKQLTXHV WR RSWLPL]LQJ WKH VLQJOH TXDOLW\ FKDUDFWHULVWLFV RI
YDULRXVPDQXIDFWXULQJSURFHVVHV%XWWKHRULJLQDO7DJXFKLPHWKRGRIRSWLPL]DWLRQGRHVQRWIDUHZHOORYHUDEURDG
VSHFWUXP RI PXOWLSOH UHVSRQVH RSWLPL]DWLRQ SUREOHPV 7KHUHIRUH *5$ KDV EHHQ LQFRUSRUDWHG ZLWK WKH 7DJXFKL
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PHWKRGWRVROYHWKHPXOWLREMHFWLYHRSWLPL]DWLRQSUREOHP,WFDQSURYLGHDQHIILFLHQWVROXWLRQWRXQFHUWDLQW\PXOWL
LQSXWDQGGLVFUHWHGDWDSUREOHP
,Q*5$GDWDSUHSURFHVVLQJKDVEHHQFDUULHGRXWWRUHGXFHWKHUDQJH DPRQJWKH SHUIRUPDQFHFKDUDFWHULVWLFV'DWD
SUHSURFHVVLQJLVWKHVHTXHQFHRIWUDQVIHUULQJWKHRULJLQDOVHTXHQFHWRFRPSDUDEOHVHTXHQFH7KH H[SHULPHQWDOGDWD
FRUUHVSRQGLQJWRHDFKSHUIRUPDQFHFKDUDFWHULVWLFZDVQRUPDOL]HGXVLQJE\(TDQG(T
)RUODUJHUWKHEHWWHUSHUIRUPDQFHFKDUDFWHULVWLFV
&RPSDUDEOHVHTXHQFH
PLQ
PD[ PLQ
LM LM
LM LM
LM
[ [
\
[ [

 


)RUVPDOOHUWKHEHWWHUSHUIRUPDQFHFKDUDFWHULVWLFV
&RPSDUDEOHVHTXHQFH
PD[
PD[ PLQ
LM LM
LM LM
LM
[ [
\
[ [

 


:KHUHPLQ LM[ DQGPD[ LM[ DUH WKHPLQLPXP DQGPD[LPXP YDOXH RI FRPSDUDEOH VHTXHQFH IRU MWK SHUIRUPDQFH
FKDUDFWHULVWLFVLQLWK H[SHULPHQWDOUXQ
LM LM\ \'   
:KHUH LM' LV WKH GHYLDWLRQ VHTXHQFH ZKLFK LV GHILQHG DV GLIIHUHQFH RI WKH UHIHUHQFH VHTXHQFH \ DQG
FRPSDUDELOLW\ VHTXHQFH LM\ DV VKRZQ LQ (T  $IWHU GDWD SUHSURFHVVLQJ JUH\ UHODWLRQDO FRHIILFLHQW KDV EHHQ
FDOFXODWHG ZKLFK H[SUHVV WKH UHODWLRQVKLS EHWZHHQ LGHDO DQG DFWXDO QRUPDOL]H H[SHULPHQWDO UHVXOWV 7KH JUH\
UHODWLRQDOFRHIILFLHQW LM[ LVFDOFXODWHGE\(T
PLQ PD[
PD[LM
LM M LM
LM
M LM
' Z '
[  
' Z '

:KHUH PLQ' DQG PD[' DUH WKHPLQLPXP DQGPD[LPXP YDOXH RI JUH\ UHODWLRQDO FRHIILFLHQW IRU MWK SHUIRUPDQFH
FKDUDFWHULVWLFV LQ LWK H[SHULPHQWDO UXQ DQG MZ LV WKH REMHFWLYH ZHLJKW IRU MWK SHUIRUPDQFH FKDUDFWHULVWLFV 6RPH
UHVHDUFKHUVKDYHJLYHQWKHHTXDOZHLJKWDJHWRWKHHDFKSHUIRUPDQFHFKDUDFWHULVWLFVZKLFKLVDQLQDGHTXDWHZD\WR
HYDOXDWH WKH PXOWLSHUIRUPDQFH FKDUDFWHULVWLF 7KHUHIRUH HQWURS\ PHWKRG KDV EHHQ FRPELQHG ZLWK *5$ WR
DFFXUDWHO\GHWHUPLQHWKHREMHFWLYHZHLJKWIRUWKHHDFKSHUIRUPDQFHFKDUDFWHULVWLF
 (YDOXDWLRQRIREMHFWLYHZHLJKW
6KDQQRQ DQG:HDYHU  SURSRVHG WKH HQWURS\ FRQFHSW DQG WKLV FRQFHSW KDV EHHQ KLJKOLJKWHG E\ =HOHQ\
 IRU GHFLGLQJ WKH REMHFWLYH ZHLJKWV RI DWWULEXWHV (QWURS\ LV D PHDVXUH RI XQFHUWDLQW\ LQ WKH LQIRUPDWLRQ
IRUPXODWHGXVLQJSUREDELOLW\WKHRU\7RGHWHUPLQHWKHZHLJKWE\HQWURS\PHDVXUHWKHQRUPDOL]HGGDWDFDOFXODWHGE\
(T  DQG (T  ZHUH FRQVLGHUHG 7KH HQWURS\ YDOXH FRUUHVSRQGLQJ WR HDFK SHUIRUPDQFH FKDUDFWHULVWLFV ZDV
FDOFXODWHGE\(T


OQ
OQ
P
M LM LM
L
H 3 3
P  
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
:KHUH


P
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L
3 \ \
 
 ¦ DQGPLVWKHQXPEHURIH[SHULPHQWDOUXQ7KHVPDOOHUWKHYDOXHRI MH LVWKHELJJHUWKH
HIIHFWRISHUIRUPDQFHFKDUDFWHULVWLFV7KH HQWURS\ZHLJKWZDVFDOFXODWHGE\WKH(T

   M
Q
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M
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Z    ¦ 
7KHJUH\UHODWLRQDOJUDGH*5*LVDZHLJKWHGVXPRIWKHJUH\UHODWLRQDOFRHIILFLHQWV7KHRYHUDOOHYDOXDWLRQRI
PXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFVLVEDVHGRQWKH*5*WKDWKDVEHHQFDOFXODWHGE\(T

 Q
L LM
MQ  
J  [¦ 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:KHUH Q LV WKH QXPEHU RI SHUIRUPDQFH FKDUDFWHULVWLFV  7KH *5* LQGLFDWH WKH GHJUHH RI LQIOXHQFH WKDW
FRPSDUDELOLW\VHTXHQFHH[HUWVRYHUWKHUHIHUHQFHVHTXHQFH/DUJHUWKH*5* PHDQVWKDWSURGXFWTXDOLW\LVFORVHUWR
WKHLGHDOYDOXH7KH*5*ZLWKLWVUDQN KDVEHHQVKRZQLQ7DEOH
7DEOH *UH\UHODWLRQDOJUDGHDQGLWVUDQN
([S1R &RSSHUHOHFWURGH %UDVVHOHFWURGH
*UH\UHODWLRQDOJUDGH*5* 5DQN *UH\UHODWLRQDO JUDGH*5* 5DQN
    
    
    
    
    
    
    
    
    
7KHQ*5*FRUUHVSRQGLQJWRHDFKH[SHULPHQWKDVEHHQFRQYHUWHGLQWR615*5*KDVWUHDWHGDVWKHODUJHUWKH
EHWWHUPXOWLSHUIRUPDQFHFKDUDFWHULVWLFV)LJ UHSUHVHQWVWKHRSWLPXPOHYHORIFRQWUROSDUDPHWHUVIRUKLJKPXOWL
UHVSRQVH XVLQJ FRSSHU HOHFWURGH  6LPLODUO\ )LJ  UHSUHVHQWV WKH RSWLPXP OHYHO RI FRQWURO SDUDPHWHUV IRU KLJK
PXOWLUHVSRQVHXVLQJEUDVVHOHFWURGH
)LJ*UH\UHODWLRQDOJUDGHJUDSKIRUFRSSHUHOHFWURGH )LJ*UH\UHODWLRQDOJUDGHJUDSKIRU EUDVVHOHFWURGH
 $QDO\VLVRI9DULDQFH
'LIIHUHQWFRQWUROIDFWRUVDIIHFWWKHTXDOLW\WRDGLIIHUHQWGHJUHH7KHUHODWLYHHIIHFWRIWKHGLIIHUHQWIDFWRUVFDQEH
REWDLQHGE\WKHGHFRPSRVLWLRQRIYDULDQFHZKLFKLVNQRZQDV$129$7KHSXUSRVHRI$129$LVWRLQYHVWLJDWH
ZKLFKFRQWUROSDUDPHWHUVLJQLILFDQWO\DIIHFWVWKHSHUIRUPDQFHFKDUDFWHULVWLFV7KLVLVDFFRPSOLVKHGE\VHSDUDWLQJWKH
WRWDOYDULDELOLW\RIWKHJUH\UHODWLRQDOJUDGH
7DEOH$129$5HVXOWRI*UH\UHODWLRQDOJUDGHIRUEUDVVHOHFWURGH
&RQWURO SDUDPHWHUV 'HJUHHRIIUHHGRP 6XPRIVTXDUH 9DULDQFH 3HUFHQWDJHRIFRQWULEXWLRQ
3XOVH&XUUHQW,    
3XOVH'XUDWLRQ721    
3XOVHRII7LPH72II    
'LHOHFWULF3UHVVXUH 3'    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1779 Priyaranjan Sharma et al. /  Procedia Materials Science  5 ( 2014 )  1771 – 1780 
7DEOH$129$5HVXOWRI*UH\UHODWLRQDOJUDGHIRUFRSSHUHOHFWURGH
&RQWUROSDUDPHWHUV 'HJUHHRIIUHHGRP 6XPRIVTXDUH 9DULDQFH 3HUFHQWDJHRIFRQWULEXWLRQ
3XOVH&XUUHQW,    
3XOVH'XUDWLRQ721    
3XOVHRII7LPH72II    
'LHOHFWULF3UHVVXUH3'    
7RWDO   ± 
)URP WKH $129$ UHVXOW RI *5* LW ZDV UHYHDOHG WKDW QRQHOHFWULFDO SDUDPHWHU LH GLHOHFWULF SUHVVXUH KDV
JUHDWHU HIIHFW RQ ('0 PXOWLSHUIRUPDQFH FKDUDFWHULVWLF WKDQ WKH HOHFWULFDO SDUDPHWHUV LH SXOVH FXUUHQW SXOVH
GXUDWLRQDQGSXOVHRIIWLPHZKHQEUDVVHOHFWURGHZDVXVHGDVVKRZQLQ7DEOH&RUUHVSRQGLQJO\SXOVHRIIWLPH
KDV JUHDWHU HIIHFW RQ ('0 PXOWLSHUIRUPDQFH FKDUDFWHULVWLFV WKDQ SXOVH FXUUHQW SXOVH GXUDWLRQ DQG GLHOHFWULF
SUHVVXUHZKHQFRSSHUHOHFWURGHZDVXVHGDVVKRZQLQ7DEOH
 &RQILUPDWLRQ([SHULPHQW
2QFHWKHRSWLPXP('0FRQWURO SDUDPHWHUVHWZDVREWDLQHGWKHQFRQILUPDWLRQWHVWVZHUHFRQGXFWHGWRYDOLGDWH
WKHLPSURYHPHQWLQSHUIRUPDQFHFKDUDFWHULVWLFV7KHRSWLPDOYDOXHKDVEHHQSUHGLFWHGXVLQJ(T
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7DEOH('0SHUIRUPDQFHUHVXOWVXVLQJLQLWLDODQGRSWLPDOFRQWUROSDUDPHWHUV
5HVSRQVH3DUDPHWHU 2SWLPXPUHVSRQVHSDUDPHWHUV
&RSSHUHOHFWURGH %UDVV(OHFWURGH
7DJXFKL2$SUHGLFWHG *UH\WKHRU\SUHGLFWHG 7DJXFKL2$SUHGLFWHG *UH\WKHRU\SUHGLFWHG
/HYHO ,72172II3' ,72172II3' ,72172II3' ,72172II3'
055PPV    
(:5PPV    
7$UDG    
615RI*5*G% ± ± ± ±
:KHUH ȘM LV WKH PHDQ RI 615 RI *5* DW RSWLPXP OHYHO DQG ȘP LV WKH RYHUDOO PHDQ RI 615 RI *5* 7KH
FRPSDULVRQRI WKH H[SHULPHQWDO UHVXOWV XVLQJ WKH LQLWLDO 7DJXFKL2$GHVLJQ DQGRSWLPDO JUH\ WKHRU\SUHGLFWHG
GHVLJQ ('0 SDUDPHWHUV KDV EHHQ VKRZQ LQ 7DEOH  7KH LPSURYHPHQW LQ 615 RI *5* IRU FRSSHU DQG EUDVV
HOHFWURGHVZHUHIRXQGWREH G% G% UHVSHFWLYHO\
 &RQFOXVLRQV
$QDSSOLFDWLRQRI7DJXFKLPHWKRGFRPELQHGZLWK*5$DQG(QWURS\PHWKRGWRLPSURYHWKHPXOWLSHUIRUPDQFH
FKDUDFWHULVWLFVRI('0SURFHVVIRU$,6,VWDLQOHVVVWHHOXVLQJFRSSHUDQGEUDVVURWDU\WXEXODUHOHFWURGHKDVEHHQ
UHSRUWHGLQWKLVVWXG\%DVHGRQWKHH[SHULPHQWDOUHVXOWVDQGGLVFXVVLRQWKHIROORZLQJFRQFOXVLRQKDVEHHQPDGH
x 7DJXFKL PHWKRG ZDV XVHG WR HYDOXDWH WKH LQGLYLGXDO SHUIRUPDQFH FKDUDFWHULVWLFV )XUWKHU *5$ ZDV XVHG WR
GHWHUPLQHWKHRSWLPXPFRPELQDWLRQRIFRQWUROSDUDPHWHUVWKDWPD[LPL]HWKH*5*,Q*5$*5*ZDVXVHGDV
SHUIRUPDQFHLQGH[WRPXOWLSOHTXDOLW\FKDUDFWHULVWLFVRI('0SURFHVV
x 7KHFRPSDUDWLYHVWXG\RIFRSSHUDQGEUDVVHOHFWURGHUHYHDOHG WKDWFRSSHUHOHFWURGHSHUIRUPVEHWWHU WKDQEUDVV
HOHFWURGH WRDFKLHYH WKHKLJKPDWHULDO UHPRYDO UDWH OHVVHOHFWURGHUDWHDQGEHWWHUVXUIDFHTXDOLW\RI WKHKROH LQ
WHUPVRIWDSHUQHVVIRUWKHVDPHVHWRI FRQWUROSDUDPHWHUV'XHWRKLJKHOHFWULFDOUHVLVWLYLW\ORZPHOWLQJSRLQWDQG
ORZWKHUPDOFRQGXFWLYLW\RIEUDVVHOHFWURGHLWVZHDUVUDSLGO\DQGGHFUHDVHWKHVKDSHDFFXUDF\RIWKHPDFKLQHG
SDUWV
x 7KHKLJKLPSURYHPHQWLQ615RI*5*UHSUHVHQWVWKDWFRSSHUURWDU\WXEHHOHFWURGHLVPRUHVXLWDEOHFRPSDUHWR
EUDVVHOHFWURGH7KHEHVW('0SHUIRUPDQFHRI$,6,VWDLQOHVV VWHHOFRXOGEHREWDLQHGDWSXOVHFXUUHQW $
SXOVHGXUDWLRQ ȝVSXOVHRIIWLPH ȝV DQGGLHOHFWULFSUHVVXUH NJFP XVLQJFRSSHUHOHFWURGH
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x $129$UHVXOWVRI*5*UHYHDOHG WKDWGLHOHFWULFSUHVVXUH DQGSXOVHFXUUHQWPRVW VLJQLILFDQWO\DIIHFW WKH('0
SHUIRUPDQFH RI $,6,  VWDLQOHVV VWHHO ZKHQ EUDVV HOHFWURGHZDV XVHG &RUUHVSRQGLQJO\ SXOVH RII WLPHZDV
IRXQGWREHPRVWLQIOXHQFLQJSDUDPHWHUZKHQFRSSHUHOHFWURGHZDVXVHG
x (QWURS\PHWKRGFRPELQHGZLWK*5$KDVEHHQSURYHGDQHDV\DQG HIIHFWLYHDSSURDFKWR GHWHUPLQHWKHREMHFWLYH
ZHLJKW RI ('0 SHUIRUPDQFH FKDUDFWHULVWLFV 7KH REMHFWLYH ZHLJKW FDQ EH FRPELQHG IXUWKHU ZLWK VXEMHFWLYH
ZHLJKWWRPRUHDFFXUDWHO\GHWHUPLQHWKH PXOWLSHUIRUPDQFHLQGH[RI('0SURFHVV
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WR 'U ' &KDNUDGKDU 3URI 1DUHQGUDQDWK 6 RI 'HSDUWPHQW RI 0HFKDQLFDO
(QJLQHHULQJ 1,7.6XUDWKNDODQG0U+.6KDUPD62*RI+:3.RWDIRUWKHLUYDOXDEOHGLVFXVVLRQ
5HIHUHQFHV
$VDO9'3DWHO5,DQG&KRXGKDU\$%³2SWLPL]DWLRQRI3URFHVV3DUDPHWHUVRI('0XVLQJ$129$0HWKRG´,QWHUQDWLRQDO-RXUQDO
RI(QJLQHHULQJ 5HVHDUFKDQG$SSOLFDWLRQV9ROSS±
$\ 0 &D\GDV 8 DQG +DVFDOLN $  ³2SWLPL]DWLRQ RI0LFUR('0'ULOOLQJ RI ,QFRQHO  6XSHU $OOR\´ ,QWHUQDWLRQDO -RXUQDO RI
$GYDQFH0DQXIDFWXULQJ7HFKQRORJ\9ROSS±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$]DG06 DQG 3XUL $%  ³6LPXOWDQHRXV2SWLPL]DWLRQ RI0XOWLSOH 3HUIRUPDQFH&KDUDFWHULVWLFV LQ0LFUR('0'ULOOLQJ RI7LWDQLXP
$OOR\´,QWHUQDWLRQDO-RXUQDORI$GYDQFH0DQXIDFWXULQJ7HFKQRORJ\9ROSS±
%KDUWL 36 0DVKHZDUL 6 DQG 6KDUPD &  ³([SHULPHQWDO ,QYHVWLJDWLRQ RI ,QFRQHO  GXULQJ 'LHVLQNLQJ (OHFWULFDO 'LVFKDUJH
0DFKLQLQJ´,QWHUQDWLRQDO-RXUQDORI(QJLQHHULQJ6FLHQFHDQG7HFKQRORJ\9ROSS±
'DV0..XPDU.%DUPDQ7.DQG6DKRR3³2SWLPL]DWLRQRI6XUIDFH5RXJKQHVVDQG055LQ('08VLQJ:3&$´,QWHUQDWLRQDO
&RQIHUHQFHRQ'HVLJQDQG0DQXIDFWXULQJ,&RQ'09ROSS±
'HQJ-³,QWURGXFWLRQWRJUH\V\VWHP´-RXUQDORI*UH\6\VWHP9ROSS±
(O7DZHHO 7$  ³0XOWLUHVSRQVH 2SWLPL]DWLRQ RI ('0 ZLWK $O±&X±6L±7L& 30 &RPSRVLWH (OHFWURGH´ ,QWHUQDWLRQDO -RXUQDO RI
$GYDQFH0DQXIDFWXULQJ7HFKQRORJ\9ROSS±
,ZDL01LQRPL\D6DQG6X]XNL.³,PSURYHPHQWRI('03URSHUWLHVRI3&'ZLWK(OHFWURGH9LEUDWHGE\8OWUDVRQLF7UDQVGXFHU´
3URFHHGLQJVRIWKH6HYHQWHHQWK&,53&RQIHUHQFHRQ(OHFWUR3K\VLFDODQG&KHPLFDO0DFKLQLQJ,6(09ROSS±
-DQJUD.*URYHU6DQG$JJDUZDO$³6LPXOWDQHRXVRSWLPL]DWLRQRIPDWHULDOUHPRYDOUDWHDQGVXUIDFHURXJKQHVVIRU:('0RI:&±
&RFRPSRVLWHXVLQJJUH\UHODWLRQDODQDO\VLVDORQJZLWK7DJXFKLPHWKRG´,QWHUQDWLRQDO-RXUQDORI,QGXVWULDO(QJLQHHULQJ&RPSXWDWLRQV9RO
SS±
-DQPDQHH 3 DQG 0XWWDPDUD $  ³$ 6WXG\ RI +ROH 'ULOOLQJ RQ 6WDLQOHVV 6WHHO $,6,  E\ ('0 XVLQJ %UDVV 7XEH (OHFWURGH´
,QWHUQDWLRQDO7UDQVDFWLRQ-RXUQDORI(QJLQHHULQJ0DQDJHPHQW	$SSOLHG6FLHQFH	7HFKQRORJLHV9ROSS±
-XQJ-+DQG.ZRQ:7³2SWLPL]DWLRQRI('03URFHVVIRU0XOWLSOH3HUIRUPDQFH&KDUDFWHULVWLFVXVLQJ7DJXFKL0HWKRGDQG*UD\
5HODWLRQDO$QDO\VLV´-RXUQDORI0HFKDQLFDO6FLHQFHDQG7HFKQRORJ\9ROSS±
.KDQ$$³(OHFWURGH:HDUDQG0DWHULDO5HPRYDO5DWHGXULQJ('0RI$OXPLQLXPDQG0LOG6WHHOXVLQJ&RSSHUDQG%UDVV(OHFWURGHV´
,QWHUQDWLRQDO-RXUQDORI$GYDQFH0DQXIDFWXULQJ7HFKQRORJ\9ROSS±
3DWHO.03DQGH\30DQG5DR39³2SWLPL]DWLRQRI3URFHVV3DUDPHWHUVIRU0XOWL3HUIRUPDQFH&KDUDFWHULVWLFVLQ('0RI$O2
&HUDPLF&RPSRVLWH´,QWHUQDWLRQDO-RXUQDORI$GYDQFH0DQXIDFWXULQJ7HFKQRORJ\9ROSS±
3DWHO9'3DWHO&3DQG3DWHO8- ³$QDO\VLVRI'LIIHUHQW7RRO0DWHULDORQ055DQG6XUIDFH5RXJKQHVVRI0LOG6WHHO LQ('0´
,QWHUQDWLRQDO-RXUQDORI(QJLQHHULQJ5HVHDUFK	 $SSOLFDWLRQ9ROSS±
3KDGNH06³4XDOLW\(QJLQHHULQJ8VLQJ5REXVW'HVLJQ´VW HG(QJOHZRRG&OLIIV1-3UHQWLFH+DOO
3XURKLW59HUPD&6DQG6KHNKDU3³(OHFWULF'LVFKDUJH0DFKLQLQJRI$O:W6LFS&RPSRVLWHVXVLQJ5RWDU\7XEH%UDVV
(OHFWURGHV´,QWHUQDWLRQDO-RXUQDORI(QJLQHHULQJ5HVHDUFKDQG$SSOLFDWLRQ9ROSS±
5RVV3-³7DJXFKL7HFKQLTXHVIRU4XDOLW\(QJLQHHULQJ´QG HG0F*UDZ+LOO1HZ<RUN
5R\5.³'HVLJQRI ([SHULPHQWVXVLQJWKH7DJXFKLDSSURDFKVWHSVWR3URGXFWDQG3URFHVV,PSURYHPHQW´:LOH\,QWHUVFLHQFH1HZ
<RUNSS±
6HQJRWWXYHO3 6DWLVKNXPDU6DQG 'LQDNDUDQ'³2SWLPL]DWLRQRI(OHFWULFDO'LVFKDUJH0DFKLQLQJ3DUDPHWHUVXVLQJ'HVLUDELOLW\
$SSURDFK´-RXUQDORI$SSOLHG0HFKDQLFVDQG0DWHULDO9ROSS±
6ULYDVWDYD9DQG3DQGH\30³(IIHFWRISURFHVVSDUDPHWHUVRQWKHSHUIRUPDQFHRI('0SURFHVVZLWKXOWUDVRQLFDVVLVWHGFU\RJHQLFDOO\
FRROHGHOHFWURGH´-RXUQDORI0DQXIDFWXULQJ3URFHVVHV9ROSS±
<DQJ6+6ULQLYDV-0RKDQ6/HH'0DQG%DODML6³2SWLPL]DWLRQRIHOHFWULFGLVFKDUJHPDFKLQLQJXVLQJVLPXODWHGDQQHDOLQJ´
-RXUQDORI0DWHULDO3URFHVVLQJ7HFKQRORJ\9ROSS±
<LOPD]2DQG2NND0$³(IIHFWRI6LQJOHDQG0XOWLFKDQQHO(OHFWURGH$SSOLFDWLRQRQ('0)DVW+ROH'ULOOLQJ3HUIRUPDQFH´
,QWHUQDWLRQDO-RXUQDORI$GYDQFHRI0DQXIDFWXULQJ7HFKQRORJ\9ROSS±
